CAPACI TORS The present. invention relates to a capacitors It ig kno

have--a capacitor nade by connectingsa plurality o1l‘o capaci tor m&g'?
el ectrically and poldi'ng the assenbly with synthetic resin. Wth this type
of capacitor .in which the capacitor. el enents are covered by resin,

i mpregnation of resin at the ends of the capacitor elenents has to be
sufficient. Oherw se, partial discharge wll tend to occur, thus causing

breakdown of the capacitor. But, it iswmt or al nost inpossible

to conpletely inpregnate the capacitor th synthetic resin at
ttheir recessed end portions. Thus, the capacitor elenents tend to suffer
from corona discharge at their end portions. Wth the prior art nol ded

capacitors, thignprppleohis A9 GnP¥8dus! B8 hheapaltiaee sassi gned to
each capacitor elenment. This iIncreases the nunber of capacitor elenments and

makes the capdeii®knbud ky taivd £xppaditve madétly aomprecoinganat phyblitdy. ofipaci t or,
each capacitor elenent i-s vacuum packed in a flexible synthetic resin film
capacitor elements electrically and molding the assembly
with synthetic ;eéin. With this t&pe_of_capacitdr in which
. the capacitor elements are covered by resin,'impregnation of
resin at the ends of the-capacitor elements has to be
sufficiént.. Otherwise, partial discharge will tend to
occur, thus causing breakdown of the cépacitor. But, it 1is
very difficult or almost impossible to completely impregnéte
the capacitor elements with synthetic resin at their
recessed end portion;. Thus, the capacitor elements tend to
suffer-f:om corona dischafge at their end portions.
With the prior art moided capacitors, this problem is
tackled by reducing the voltage assigned to each capacitor

element. This increases the number of capacitor elements

and makes the capacitor bulky and expensive.

With a prior art molded capacitor, each capacitor

element is vacuum-packed in a flexible synthetic resin film



pack and an insulating gas is filled in the filmpack. ‘Wth this type of

capacitor, it is relatively easy to vacuum<pack the capacitor el enents, ands,

then fill the filmpacks with an insulating gas. But, the insulating gas

in the filmpacks expands or contracts in nolding the vacuum packed -

capacitor elenents with synthetic resin, so that air gaps are liable to

devel op between the fil m packs and the nolding resin. The air gaps nmay

i nduce corRAfK dind Y dasulat imge dgais| hsp&dikdedr dni thei fhiflmcpackct Wiitdn t he

mol ding resin and no air gaps devel op therebetween, the film packs cannot

cont r act SkH:fr P Af Sapardd®y itthd st sppatively eesy &or vagumm-giack This -

w | | causetithezﬁ)res.sure f the insulating gas in the filmpacks to drop, Lo
r

thus | owerlittfy SRECLHDn £ 16meats gadsithen 61T othggéilmnPaEKEcHish aime
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expands or contracts in molding the vacuum-packed capacitor

elements with synthetic ;esin, so that air gaps are liable
' to aeQelop b%tween_the film packs and thelmolding resin.

The air gaps may induce corona disqharge. If the film packs

are in tight contact with the molding resin and no air gaps

develop therebetween, the film packs cannot conttact after ' 'Q.)

it has expanded by the temperature rise during molding. This

will cause the pressure of the insulating gas in the film

packs to drop, thus lowering the corona discharge starting

voitage.

An object of the present invention is to provide a

capacitor which obviates the abovesaid shortcomings.



2 In accprdance wth the - present invention, there is provided a
capacittor conprising a plurality of i nner casings having a shape retaining
proﬁé&ty capaci tar elements nounted in the respective inner casings; the

i nner casings being each filled with an insulating fluid and the .

i ndi vidual ly encapsulated with synthetic resin to seal the 3 i nsul ating
fluid therein; the capacitor elenments being connected electrically with one
another to form an assenbly; and an outer caging for containing the
assenbly with an insulating fluid seal ed therein.

N

In accordance with the = present
invention, there is proJided a capacitor comprising a
- plurality of inner casings having a sﬁape retaining
property; capacitor elements mounted in the respective inner
casings; thé innef casings, being each filled with an
insulating £luid -and fhe.individually encapsulated
with synthetic resin to seal the

] : 3



Since each of the nolded capacitor elements can be tested individually for
per formance before being connected together, defective elenments can be w;y
easily picked out before assenbly. This will lead tq a feduction in the™%
nunber of defective capacitors.” 4 How the invention nmay be carried out

Wi |l be described by way of exanple only, with reference to the

acconpanyi ng drawi ngs, in which: Fig. 1 is a sectional view of an .
embodi mephs@iatheg CRPEE tiver @I e G adpadit® iedsaitin is\BIIldEN: and Fig. "2
is an enlarged sectional view of a portion of the sanme; The 'capacitor 1
conpri sesoangt ted| é 1ec of i enklhy e tén tb o lathed heap aoi tf@rrnelaerrmrstseanilﬂly:onnect ed

together electrically wth one another.
and an outer casing for containing the assembly with an

insulating fluid sealed therein.

Since each of the moldeé capacitor elements can be
tested individually for:performance before being connected
together, defective elements can be easily picked out before
assembly. This will lead to a reduction in the number of

defective capacitors.



As shown in Fig. 2, each encased and nol ded capacitor el ement 11 conprises
a container or casing 4 and :a capaeitor el enent 5 housed therein. The
castwg 4 is filled with an 5.  insulating gas-such as SF6 gas or nitrogen
gas. and has a glass fiber material 12 wound around its outer periphery. The
capacitor elenent 11-is manufactured in the follow ng manner. Firstly a
casing 4 is prepared. The casing 4 conprises a body 4a having an open top
‘and. a lid 4b closing a top opening of the body 4a. The body 4a and the lid
4b are both made of synthetic resin and forned with holes 7 and 7° for |ead
mires 6 of the capacitor elenent 5, respectively. The casing 4 has inner

«di nrensions slightly larger than the outer dinensions of the capacitor

el enent 5 which conprises dielectric |layers and el ectrode | ayers
alternately wound in

-~

How the invention. mé?‘;.'be carried out w-i1-l be
described by way of example only,
with reference to the acc0mpahyiqgldrawings, in which:
. Fig. 1 is a sectional view of an . embodiment of
the.capacitoi according to the present invention: and
Fig. 2 is an enlarged sectional view of a portion of

-

the same;

The capacitor 1 comprises a plurality of
encased and molded capacitor elements 11 connected together

) electrically with one another.

As shown in Fig. 2, each encased and molded capacitor
element 11 comprises a container or casing 4 and a capacitor

element 5 housed therein. The casing 4 is filled with an



a spiral -shape. The Iid 4b is put on the body 4a so that a gap 8 will be
formed therebetween. The gap 8 and gaps 9-+forned: between the | ead MArESNjL

and the holes 7 and 7' should be Iarge enough to al kow t he Fnsul ating gas™
to pass into the casing 4 but not ‘'so large as to pernit the invasion of a

hi ghly viscous synthetic resin into the container when the container ‘is

nol ded. The inner casing 4 should be nmade of a stiff or rigid material

havi ng hi ghdigaitiRpiglanernng istsulgdli B¢ an€rsganeghst ahai Rgsphoperti es,
such as pol yester resin, polystyrene resin and pol ycarbonate resin. 6 ,
After encgman;tﬂmbe&amawe&dhleuenabhna atotha bedyodaertperipbedp.is put on .
the body with the lead wires 6 having their ends drawn out of the casing 4

t hrough the ‘holes 7 and 7'. -

|
The capacitor_element 11 is manufactured in the foliowing ' .
manner.
Firstly a casing 4 is prepared. The casing 4 comprises
a body 4a having an open top and a lid 4blclo$ing a top
opening of the body 4a2. The body 4a and the 1id 4b are both :
made of synthetic resin and.formed with holes 7 and 7' for e
leaa wires 6 of the capacitor element S, respectively. The
- casing 4 has inner dimensions slightly larger than the outer
diménéions of the capacitor element 5 which coﬁprises
dielectric layers and electrode layers alternately wound in
a spiral-shape. The 1lid 4b is put on the body 4a so that a.
gap 8 will be formed therebetween. The gap 8 aﬁd gaps 9
formed between the lead Qires 6 and the holes 7 and 7'
should be large enough to allow the insulating gas to pass.
into the casing 4 but not so large as to permit the invasion {_j
of a highly viscous syntﬁetic resin into the container when |
the container is molded..
The inner.casing 4 should be made of a stiff or rigid .

material having high heat resistaﬁce and insulating and
shape-retaining properties, such as polyester resin,

polystYfene resin and polycarbonate resin.



After the outer surface of the casing 4 has been roughened in the manner
whi gh~wi-1 | be described below, the glass fiber. material 12 is wound around
t'he “odter periphery .of the casing 4. The casing is then put in a metal nold
and the nold is evacuated. An insulating gas such as SF6 gas or nitrogen
gas is admtted into the nold. Then,” a highly viscous synthetic resin such
as epoxy or urethane tesin is poured into between the nold and the casing
4. After the resftrehandagidenddhe idapasiteregdenentom tihethel bod¥heagasi ng
4 is thus encapsul ated or nolded (first nmolding) in the nolding 10 of

synt hetic rig nlithi4h SerRids anp thq body wHéhgspeglpedwiarneshé baving body
da and the lid.4b a d({he gaps 9fbe ween the lead wires 6 and the holes 7
and 7' so a9 mdRdEIT Pt the casirg: inghgaugbnthaehehesng anda
nuneral 10 jndicates a nolded layer. A plurality of nolded capacitor

el ements 11 thus produced are connected in parallel and series with one

anot her ahd PUt At PRl suf face of the casing 4 has been

rougﬁened in the maﬁner which will be described below, the
~glass fiber material 12 is wound around the outer periphefy
of the casing 4. The casing is then put ih a metal mold and
the mold is evacuated. An insulating gas such as SF6 éas or
\/ nitrogen gas is admitfed into the mold. Then, a highly
| viscous synthetic resin suchlas epoxy or:urethane teéin is
poured into_between the mold and the éasing 4. After the
resin has hardened, it is released from the mold.

The césing 4 is.thus_encapsulated or molded (first
molding) in the molding 10 of'synthétic resin which serves
to fill up the gap 8 betwéen the casing body 4a and the 1lid
4b and the gaps 9 between:the'lead wires 6 and the holeé 7
and 7' so as to hermetically seal the insulating gas in the
casing 4. A numeral 10 iﬁdicates a molded layer.

A plurality of moldeé cépacitor elements 11 thus
produced aré connected in:parallel and sefies with one

another and put in a metal mold.



The capacitor elenents 11 are housed in a netal casing 13 and an i.nsul ating
gas such as SF6 gas or nitrogen gas is filled in the casing 13. The casi ng--
13 conprises a body 13a having its top open and a |id 13b bonded to the ™~
body 13a by wel ding or the like. Bushings 3 are nounted on thelid 13b to
connect lead wires 6 fromthe capacitor elenents 11. Wth this arrangenent,
even if the outer casing 13 should | ose its gastightness, the inner casings
4 can keep their respective capacitor elements 11 gastight. Since the
capacitor elenments 5 can thus maintain their high insulating property for a
long tine and are free fromnoisture even if the noisture invades the outer
casing 13, not only wiill the reliability of the entire capacitor be greatly
inmproved but also its service life will be extended considerably. On the

ot her hand, even if the insulating gas in one of

The capacitor elements 11 are housed in a metal casing 13
and an insulating gas such as SF6 gas or nitrogen gas is
filled in the.casing 13. )
The casing 13 comprises a body 13a having its top open v
and a 1id 13b bonded to the body 13a by welding or the like.
Bushings 3 are mounted on the 1id 13b to connect lead wires
6 from the capacitor elements 11. |
With this arrangement, even if the outer casing 13-
should lose its gastighthess, the inner casings 4 can keep
their respective capacitor elements 11 gastight. Since the
capacitor elements 5 caa:thus maintain their high insulating
property for.a long time and are free from moisture even if
the moisture invades the'ouﬁer casing 13, not only will the (,J
reliability of the entiré capacitor be greatly improved but
also its service life wiil be extendgd considerably.
Oon the other hand, even if the insulating gas in one of
the inner casings 4 should leak out, the pressurized
insulating gas filling the outer casing 13 will serve to

keep the gas pressure in the inner casings 4 from dropping.

<@



the inner casings 4 should |eak out, the pressurized insulating gas filling
the euter- casing 13 will serve to keep the gas pressure in the inner
ca5|ng% 4 fromdropping. . This prevents the corona discharge starting
vol tage fromdropping. Further, even if one of the inner casings 4 should
| ose its gastightness, the outer casing 13 will protect the capacitor

el ements 5 in the inner casings 4 from noisture. The deterioration of the

capacitor wil| thus be gr vented. Al ,in Iatln é 3% used i nstead of
an insul ati Py HaRrevigRt hFUA LSEQS e S 8&}138 Rd -BHE ir8“‘4b and is
made of pol ester pol ene or carbo resin ch

t Ai ckness a%" P! 9% %ﬁﬁﬁﬂuf t qufpagglge gngecon racglo% durlng

mol di ng Thesﬁ@éiémhos§r¥¥g(%astlghtnees, the outer casing 13 will

protect the capacitor elements 5 in the inner casings 4 from
moisture. The deterioration of the capacitor will thus be

prevented.

An insulating o0il may be used instead of an
insulating gas.

The casing 4 comprises the
body 4a and the lid 4b and is made of polyester, pblystyrene.
or polycarbonate resin. It has such a thickness as not to

Lbj _'be deformed by the expansion and contraction during molding.
| - The casing 4 should
preferably have its outer periphery roughened. The
‘roughened surface may be formed by etching or sandblasting
or by electrostatically fleeking the outer periphery with
short fibers of synthetic resin. Its roughness should be

. set at about 10-100 microns in terms of the difference of



preferably have its outer periphery- roughened The roughened surface may  be
formed by etching or sandblasting or by electrostatically flocklng the -
outer periphery with short fibers of synthetic resin. It's roughness shoed
be set at about 10-100 microns i'n terns of the difference of 9 hei ght of
~high portions or the length of fibers. It is not necessary to roughen the
entire outer periphery of the casing 4 but only part of the outer periphery
may be 1 ouahed Bl (g didts dfolt@.enqehgtﬂvsff eibeky. tOIEe‘iL- abk the
casing 4. Preferably,” polyester, polystyrene or polycarbonate resin used
for the GasidisAROWO GRAGHRIN&ROR repRkterepehipRekPabrt BReCaSI ng can be
strongly bonded to the resin nolding. 10 »
casing 4 but only part of the outer per1phery may be

“

roughened where the resin molding is most likely to peel off
the cesing.4. |

Preferably, Polyester, polystyrene or

. polycarbonate resin-dsed £or the casing shows good adhesion

to epoxy resin so that ehe-caéing can be strongly bonded to

the resin'molding.

10 | .



CLAI MS: 1.

synt hetic

i

A ctapacitor conprising a plurality of inner casings
havang a shape retaining property; capacitor 5 el ements nounted in
sai dfespective inner _
filled with an insulating fluid and individually encapsulated wth
resingaflvy: seal said insulating fluid therein; said

capaci tor el enent ssberhg connected 10 electrically with one another
fo forman assenbly;.
an insulating fluid sealed in said outer casing. 2. A capacitor as clained:
in daim1 in whieh thd ¢8pacitprucdmprisaings.a3. pluralitpacoforinasr
Claimed in aiml1 in which the fluid is an oil. 20 4. A capacitor as
claimed in any ofi@sbRrgsc hawing-a shape retaining property; capacitor

casi ngs; said i nner casings being each

and an outer casing containing said inner casings and

5

10

elements mounted in said respective inner casings;
said innei casings being each filled with an
insulatihg fluid and individually encapsulated with
synthetic resin to seal said insuléting fluid

therein; said capacitor elements being connected

electrically with one another to form an assembly;

and an outer casing containing said inner casings and

15

20

25

30

an insulating fluid sealed in said outer casing.

2. A capacitor as claimed in Claim 1 in which the

fluid is a gas.

3. A

capacitor as claimed in Claim 1 in which the

fluid is an oil.

4. A capacitor as claimed in any one of Claims 1-3,

wherein said inner casing is made of polyester,

polystylene or polycarbonate resin.

5. A capacitor as claimed in any one of Claims 1-4,

wherein at least part of the outer periphery of said

inner casing is roughened.

6. A capacitor as'claimed_in any one of Claims 1-5,

wherein at least part of the outer periphery of said

inner casing is flocked with short fibers.

- N O O A



wherein said inner casing is made of polyester, polystylene or
pol ycarbonate resin. 5. A capacitor -as ¢laimed in-any one of dains 1- 4, 25-
wherein at |east ‘part of the outer periphery of said inner casing is et
roughened. 6. A capacitor as clainmed in any one of dains 1-5, wherein at
| east part of the outer periphery of said 30 inner casing is flocked .
with short fibers. - 11 - 7. A capacitor as clained in 'any one of
Clainms - 1-6, wherein glass fiber material is wound around the outer
peri phery of said inner casing. -12- :

7. A capacitor as claimed in any one of Claims 1-6,

wherein glass fiber material is wound around the

outer periphery of said inner casing. '

-
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